The Taylor instability in a rotating fluid between two coaxial cylinders is studied. Nonlinear analysis of temporal development of the flow velocity amplitude near the instability point is made on the basis of mode-coupling theory. Results of the numerical calculations on the mean torque and the local flow velocity are presented and compared with those of experimental observations and previous theoretical calculations. § I. Introduction Many investigations, both theoretical and experimental, have been made on the Taylor instability!) in a Couette flow between rotating coaxial cylinders.
Many investigations, both theoretical and experimental, have been made on the Taylor instability!) in a Couette flow between rotating coaxial cylinders.
In a previous paper 2 l which is referred to as I hereafter, we h~ve studied the nonlinear development of the flow velocity of the Taylor vortices near the instability point. We have first expanded the flow velocity u and pressure Pin powers of a smallness parameter s which characterizes the deviation of the Taylor vortex system from its state at the instability point. Substituting these expressions in the governing differential equations, we have determined each expansion coefficient of u and p with the aid of the solvability condition that the solutions of the differential equations of each order do not become secular. Finally numerical calculations have been performed on the basis of the Galerkin method.
There exists another method for making a nonlinear analysis of the development of the amplitude of the unstable mode slightly above the threshold. The method is due to Eckhaus 3 l who studied a class of nonlinear stability problems with quadratic nonlinearities by expanding the field in terms of the eigenfunctions of the corresponding linear stability problem. After that several authors employed essentially the same procedure in their investigations on the Taylor and Benard problems!) The purpose of the present paper is to study the same problem as presented in I in the light of this mode-coupling theoretical approach. § 2. Basic equations and method of solution concentric cylinders of infinite length. Let r, 6, z denote cylindrical coordinates, and R 1 , R 2 denote the radii of the inner and outer cylinders, respectively. We consider the situation where the inner cylinder rotates at the rate of the angular velocity f21 while the outer one is kept at rest. The velocity u (ur, u0 , u,) 
\vith uli=vu=w11 =0 at r=r; and 1, while a denotes the axial wavenumber of the Taylor vortex and the linear damping rate ). 11 is the eigenvalue which is determined as a function of the parameters l, a and /3. We also define the eigenvalue equations adjoint to Eqs. (3), and denote the components of their solutions by
Zlu, vrj, w1h Ilu.
In order to find the numerical solutions to Eqs. (3), we employ the direct numerical procedure made use of by several authors') in their investigations on similar hydrodynamic stability problems and convert this two-point boundary-value problem to an initial-value problem expressed in terms of a system of first-order differential equations. The procedure is described in the articles cited above to which reference should be made for a detailed exposition.
At the instability point where the Taylor vortex flow appears, lrj = 0 for l=1 and j=l. With a view to finding the neutral stability relation {3={3(a) corresponding to this instability, we solve Eqs. (3) for l=l and j=1 by setting All= 0. In the numerical procedure mentioned above the initial-value problem must be solved so that its solution may satisfy the terminal conditions at the outer boundary ull (1) =vll (1) Since the order of magnitude of au (t) and Au for the wave number ac near /3c is given by 3 l { 0(E 2 ) for l=l,j=l, (9) and the orthonormality of the eigenfunctions is defined by
Substituting the solutions of the first order differential equations 111 Eq. (7), we ha,-e c0 = 107.5 for "1 = 0.5 and c0 = 176.6 for -q = 0.6122. The eigenvalues },1i and their corresponding eigenfunctions for l = 0 and 2 have been calculated by setting /3 = /3c and a= ac in the first order differential equations, and the results are given in Tables I and II to order j=9 for -q=0.5 and -q=0.6122 respectively.* 1
With the aid of these eigenvalues and eigenfunctions we obtain the numerical values of c2 in the different approximations for "1 = 0.5 and "1 = 0.6122 which are given in Tables III and IV Table IV . The values of Cz and A, defined respectively by Eq s. (8) and (12) for respectively by Eqs. (8) and (15) 
In Table III we give the values of g for 7J = 0.5 calculated numerically in the different approximations. In Table V In the present calculation uu ( (1 + 17) /2) is set equal to unity, and the values of .il2
in the different approximations are given in Table IV. In Table VI In this paper we have considered the Taylor instability ·with the aid of modecoupling theory. Results of the present numerical calculations are shovvn to be in good agreement with those given in I on the basis of the Galerkin method.
In the case '7 = 0.5 results of our calculations both agree considerably well vvith those of v·arious previous observations and calculations. However in the case '7 = 0.6122 there still remain some numerical discrepancies behveen the experimental results on the local flow velocity by means of light scattering experimentsw and our numerical results obtained in I and the present work. One reason for these
